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K4%T% Cr : 0.1-4.0%, Ti : 0.1-5. 0%i3it>7r : 0.1-5. 0%O 2 «JSUi * L 
/« mJi)l±0^0<7)#Ma^^ *) <^1®^C^fi-T*l00l@/mm 2 JjlT^^u t 

Jt*%1\ Cr: 0.1-4.0%. Ti : 0.1-5. 0%j3<tO f Zr : 0.1-5. 0%O 2 ttJ^±> fcfctf 
ICAg : 0.1-5. 0%£^L. 5*BS* , Cu*JJ:O f >P#ft«J**<b*»). ^*K#fei-**fW** 
«fc Xf-fr&mo 9 *>^#7& ? 10^ m£liO *> WOTOflfc «9 Olim^ItT'lOO^/aun 2 £1 
T T £> & i t £ 1" * Cu^-^o 

m&m. 3 ] 

M%t?. Cr: 0.1-4.0%. Ti : 0.1-5.0%^ J: tFZr : 0.1~5.0%<O2i»±^tl 

i U^&JfoO 3 *>*£## s 10,« mWO & Otf>J&tfciS**§rt: >9 Ol@|^7&^W-ei00l@/mm 2 J£l 

-€"tt-?*tt0. 001—0. 5% ©P, B, Sb^lflBi 
H2P : «*%"?. -etL-rtL0.01~5.0%OSn, Mn. Fe. Co. Al. Si. Nb. Hf. Ta. Mo 
. V. W. IniSitFGe 
$3t:ft%t\ -?-*i-?*U).01~3.0%OZn. Ni. Te. SetsXVSr 
[W^4] 

SS%-C. Cr: 0.1-4.0%, Ti : 0.1-5.0%i3 XTFZt : 0.1~5.0%<Z> 2W&±~ fcfctf 
KAg: 0.1-5. 0%£^*U SHTISO»l^fb^3^^-eo^-fc>^^< lo<7)ff 

-fam^W-eiooii/nim 2 JSLTT**« ^ t -f &Cu^o 

ili:If%T\ ^tt-F^0.001~0.5%<7)P, B. Sb^it^Bi 

fg2S£ : Kfi%-C, -etL^*L0.01~5.0%OSn, Mn, Fe. Co. Al. Si. Nb. Hf. Ta. Mo 
. V. W. IniS.ttFGe 

i3^:fl%-C\ ^*vT*U).01~3.0%<7>Zn. Ni. Te. SeSSitfSr 

IW 5 ] 

fi%T% Cr : 0.1-4.0%. Ti : 0. 1-5. 0%*3 i l^Zr : 0. 1-5. 0%O 2^VX±.*^\s 
. H&~Mg. Li. CaiJJ:tr*±«7C*0 l«J5JLtfc#tf-eO. 001-2.0%^. »«U*«Cu*J: 

«>J|M£liHR£fe 0 <^i@$t^iftrl00l®/mm 2 J^TT?** i «h 4r !Rp» i" * Cu-fr^o 

ff%-e, Cr: 0.1-4.0%. Ti : 0.1-5.0%J3j:O ? Zr : 0.1~5.0%co 2 W-t. 
KAg : 0.1-5.0% £^L. SKMg. Li. Ca*J:tf#±3Bx*<& l«&±*^t^0.001 

-2.0%^. nfflfioa&zTn*mmfrt>-k*)* ^^^^t^ttttsiifei^ti^ 

? *>*fr8k&*10/« mJ^JhO ^OfWiit 19 <Df@m^ftT'l001@/mm 2 £lT"e*5 CI <h 
«r#^t-r^.Cu^o 
[»*J17] 

Cr: 0.1-4.0%. Ti : 0.1-5. 0%J3±O f Zr : 0.1-5. 0%<D 2 «£Lt^fr^TL 
. TIB*>»1 3 toH^i< t lo©ifr&»fcStf*i;fc 1 ausi±«>j*^* 

tfe5.0%£lT^> HKMg. Li. Ca£ «£ «±«7C*<^> l«J0l±*#tt-CO. 001-2.0 
h-f^Cu^^o 

^i^:Hfi%r% -ettW0.001-0.5%OP. B. Sbisit^Bi 

tBSE# 2004-3017010 
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i2t: ^*i-r*L0.01~5.0%<£>Siu Mn, Fe, Co, AU Si', Nb> Hf, Ta. Mo 

:S1%T\ -?-*L-r*i0.01-3.0%OZn, Ni, Te, Sefc^tfSr 
[fit 8 ] 

fS%t% Cr: 0.1-4.0%, Ti I 0.1~5.0%*3 £ tFZr : 0.1-5. 0% <02 «J2LL> k^tF 
KAg: 0.1-5. 0%«:^t> TIBO*l»^fe*3*4-eo-9-fe^*< t & looifcfrfc 

^±£^11-^0.001-2.0%^, m.UtfCu&xvrFffl.yofrbte*) , &&tpi<~^f&1r&ffi 

mm 2 \XT"?1bZ>Zt*mWLt.-fZ>0&&o 

: JT*%T, *-*L^*L0.001-0.5%OP. B, Sb^itKBi 

: -e*L-r*i0.01~5.0%<£>Sn, Mn, Fe. Co, AK Si, Nb, Hf, Ta, Mo 

, V, W, IniSit^Ge 
^3»:®S%-C, -e*i-r*L0.01~3.0%<T>Zn, Ni, Te, SeiSil/Sr 
9 I 

m^m^o. oi~35// m-e*>^> £ *#mti-^w*« 1 8 tx^-rn^mm. 
m?m i o i 

UnOfi m&±<D ^OOftlti tz *) CDffi^ ? -^ff-ei00'®/mm 2 mTOCu^Oi^^vfe 

o 

[WCT l 1 1 

m&m i2] 

4>&< t ^»iti£^cO«>^^E^^450r$-eo^Jg^^*3V^T0.5r/sm±0 
J^SPiSJK-e^t. 4501:^0^^^X1.^^, 280-550r<7)SJS^-eiO^~72B# 

mJSLtO i> OOltBSIfc >9 O^mSr^fhtrlOOWmm 2 J^TOCu^O^ 

13] 

45ot:mToiajK^T-oipxfe «t tF28o~55or osjs^-eio^— 72B#^^# -r £^31 
[ftJii 4] 

ftoi^iot!^ 450 0 cWT<7)^it^coijnx^ J }f 9 -t^#mti-^>W^i 2 

t 1 3 ^ismocu^^o^^feo 
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mm* 

[0 0 0 1] 

=f*?*&^> SllWCtt'J ^tt^y^N W^n^e-?, ^^75A, 

mm • frtt%mfrwx*\±mmm**9 9, mmm**t **^»-ct±^T3^ 

[0 0 0 2] 

<o * %mu & ^imx-r * x® k * v» TBemf -r & e 

[0 0 0 3] 

BeliPb, Cdtw^-elM(»c^r*4ftKT?**o Z.<Dtit>, Cu#&<*>»BfU JnXfc*5V»T 
^^«St?Wafc*4o Cu-Be^fi, fltRNXUcfflfe LTHa®?>*£*t 

[0 0 0 4] 

xsfc, sisftan* CTS(MPa)] ^itr^m* wm^mA^w^^n-t^nnm. iac 

^ISt4 4?)#v>, £<&£fct±, tililtf, £IRfcJU6$:h/CV**#Siao#«#ttJ& f 
[0 0 0 5] 

HI 1 1± % *#fj=«l ^|B|g$ttfeBe^^#X*=S:^t*^Cu^05j3B5iJgtSm 
$t(?)I«^iILf:^tJbJo II 1 "5 l^5fe^Be^O>fr#7C*^-^-i 

Cu£-<&{±, *m^^60%m±oHit-et±, *<D3l3R»K^50~650MPa*lKfc<B; 

<> 5l3S5tJS^700MPam_hO^it-e}±, f ©^W20%*itfiV^ o i^i?^ 
<DCu&£l*. (MPa) JiDffW (%) ©v»-f *0*Ottlfe*»lSSv»fe o*« 

[0 0 0 6] 

^ilt a;vy v^fcn^m&NiaSifc^ffiS^fcCu^^^Sft 

tv^ 0 :o3^y>^tt, ^<Dg|3iatSE**750-820MPa-C#«^s*«40%liSET?*») 

[0 0 0 7] 

3l3g»JK* ! *b<fiT'r*o — ^ Ni 2 Si<D*fm* : Srli1-^:i6^Nii3J;U f Si^«fl:t 
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[0 0 0 8] 

[0 0 0 9] 
[0 0 10] 

mt-t&o ?wxM2 t l zmM<ocu$&xi±, &Mtoxi$ j: x/mmt^m^m 

[0 0 11] 

H2> 3 £ X IMtt, -e-ttWTi-CrZlTG^^JSia^ Cr-Zr—x&ttSSBIfc £ tfZr-Ti- 

, »H&«51*ai*T*Ti-Ci\ Cr-Zrt fcliZr-Tij^t«L^t <. £ *l t> Oft-g-ifc tt 
*fHJ3Mb^*3»*Cu4Ti, CU9 Zr 2 . ZrCr 2 , ^JRCr*fci±^JP5ZrO«iUB*fffi«r**if *o Jft 

*L S Cu^# tt n a n #14 ± <Dfflm*^1-2>VX&?>o 
[0 0 12] 

[tMl] #HFfc2 5 7 2 0 4 2^&« 
[0 0 13] 

m$fXWL2 ] 2 7 1 4 5 6 1 -^MJl 

[*#H\fcflt 1] #ip D nf-^^> «9¥8^1H, B ##«3tt&fHT> 328 
-355M 

[0 0 14] 

[0 0 15] 
[0 0 16] 

TS^648. 06+985. 48Xexp (-0. 0513XIACS) • • • (a) 
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jB L. (aJ^^^TSli^lSi^JS (MPa) fcftBfcU IACSttSWOfl ft o 

[0 0 17] 

rW^-fa>#**f*5J t *K ±IB<0 

(a)g£*i»;fc-*-|eH^ tfUxJf. R£jfta-m©Cu^&#>^ *m**«20%JaTO«*T*± 
5 IKSftBE^lGPaJJUi^Cu^^. ***j& t 60% JBLh©*J*T? t±B laajKOTOOMPaJBLt-C* ft 
Cu^*««T? £ ft i t ^m^ft o 

[0 0 18] 

Cu£-&K{±. ±|BOJ:d*5l3Rai*i5J:W f *m*o#tt^H^ *fte*©**5***> 
0'C^JiOlft»Kli$*tftit***ft^^t?*fto iSfcCufi. 2oorja±fctD*fc3*L4fcML 

[0 0 19] 

t&oT. itizS3£JKfc LTti. Cu-Be*-&4&^fcRI^^^A'-C*ftC:fc*Baifc-ffto 

{i600t:m±T-2bfto 
[0 0 2 0] 

ffi Infinite K o ^ -C Cu-BeS^^* t R# <0 * JBUt t? * ft £ t £ B * -f ft o * 

sMM£R£$J^U CttiiW? t £<DJtB (=R/t) lei J)ffitfinXtt=SrfPfifi-e§fto 
ffllf jtalliOjUfr&i&Hti. 3l3K3fiKTS7!» s 800MPamTO^*t-et± B 2S2. OSrfofc-f & 
5 1 KSft JS TSrt ? 800MPa * j@ x. ft ^*i"T? 14 TIB © (b) 3; * J» i* O i: ft «, 
[0 0 2 1] 

B^41. 2686-39. 4583Xexp[- 1(TS-615.675)/2358.08| 2 ] • • • (b) 

[MM * Mik-t ft tz tb <n^m 

[0 0 2 2] 

Tieo (1) K^1-Cu^#£ i O'TSBW (2) H^i"Cu^©»Jt*i**S e t i" 

& o 

[0 0 2 3] 

(1) Jf*%TN Cr : 0.1-4.0%. Ti : 0.1~5.0%i3 .fctfZr : 0.1~5.0%O2iJJl±^^ 

#10 ,u m^±0^«lti/: *) OlSic^'B-ffeiOOWmm 2 J2lT-?*ft - £ 
i-ftCu-^-^o 
[0 0 2 4] 

^OCu^-#(i> CuO— gRKftx-T. Ag: 0.1-5. 0%£^Tf ft fc<0. TfB©#l##»S> 

*f3»i-eon^ft< £*> i o©#*e>*Mr*Lfc imm-to^^^fi-tr5.o%mr# 

trfcO. Mg. Li. &*J:V#±*x*OiaJa±*^W-"T?0.001~2.0%^tr<>O<7>v*-f^ 
t*otUv>o #K. lta*fcStf*0. 01-35^ m-eab ft i t&mt Lv* 0 
[0 0 2 5] 

»1»:R*%*C> W-T*U).001~0.5%OP. B. SkfcitfBi 
f£2# : @4%T% -g-tLW0.01-5.0%OSn. Mn. Fe. Co. AU Si. Nb. Hf. Ta. Mo 
. V. W. IniSi^'Ge 

f3f :lt%t% WW0.01~3.0%OZn. Ni. Te. SeiSi^Sr 

(2) ±ieo(l)lcfH«0'fb^M^^*-rftCu^#^^L. »agL-c#7t^M-*. 4>&< 

ft C Sr#m^i-ft. £-&*fc#£i-ft#f UJ«»£ J: ^^^lOyu mJ^JiO & 

[0 0 2 6] 

±ieo<££pof&^ 450'C£llToajK*-COUnX. £ fctejgK. 280- 550 , C<OjfiJK«'Cl 

tBIE# 2004-3017010 
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0fr~72ftfflmtFir&%k]8km*fairZiii!> t m* Lv^o 450*CJBJ.TwaftJ*"X?OiPXi5 X X/28 

©IfelOtC, 450 , CmTOS^T*<DljnX«:|life LT i V> 0 
[0 0 2 7] 

^^CiSV^taJtli:^ ^JxJfCiuTi , Cu 9 Zr2> ZrCn> ^JRCr> MZr* . &AAg 
^ffiWttt. ^Jx-tfCr-Ttft^^ Ti-Zr<b^"%*/il±Zr-CHfc^^-e*»^o 

[0 0 2 8] 
[0 0 2 9] 

1. &§&W<OCu&&K'O^X 
(A) 'fh^fifiK [;o^t 

*HW«5Cu^©loli % Cr:0.1~4.0%, Ti : 0.1-5.0%i3 ZVZr I 0.1~5.0%©2l 
&± L> 3H5**Cui5 £ oqp#fii»*» * & £ & <> 
[0 0 3 0] 
Cr : 0.1-4.0% 

Cr©^«*«0.1%*Tia*fc. 3ftK3&qF+«-fc4*fcfcfe»w. Ti£*:iiZr£0.1%^-t 
ttZ&Xt>&mt&m&to'*?>Xilf s £^'k&tfft t 9*L%^<> — ^ Cr^**»4.0% 

Cr#^i £ 0. 1 -4 . 0% t L o 
[0 0 3 1] 
Ti : 0.1-5.0% 

tafeoT, Ti<D^-*^:£0.1~5.0%i: Lfco 
Zr : 0.1-5.0% 

Zri±, 0.1%*»T?tt+5fr&»ft***»&*Lfcv» o L**U -e-^#^fl:7& ? 5.0% : Sr®x.^> 

?Wo*u;< <&£ot% -€-o^inxi*n<>«*L^tt7& , *^t j ^i-<**o 

Zrtf>"^S&0.1~5.0%i: Ltfr 0 
[0 0 3 2] 

^^OCu^Ofe 9— oti. iilBOfl^J&^fc^U CuO— BBK-ftx-T. Ag&0.1-5 
. 0 % ^ 1" & Cu-£-& "C £> £ o 
Agl 0.1-5.0% 

Agti, MIWffiKioT5&Jg£±#£«o Cr. Ti£ X XfZx^ 2W>X±.t Izmtia-TZ 
*fffi ; ffi'ffcK*#i"*CutTi . CugZttx ZrCra, #^Cr, #^Zr£ fcJ±&«Agfc tf: 

mmm* x *)WfflKiftmZ'&z%i&w*>Zo z<D%}%:i±oA%&±.xmmt 5.0% 

^iSi^tMLT, ^03Xh±#^< 0 S£oT, Ag<7)^SH0.1~0.5%fci-S 
[0 0 3 3] 

^l&^OCu^ti. »AttisJ:0W»tt*l^±$*4BW^ CuO— TIB 
0*l*^»3»i-eon^4< fcfc 1 o^i^^ItfW; 1 i»±0«»^ tit 

[0 0 3 4] 

iii:ft%t% ^-^L-rtLO. ooi-o. 5%op, b. sb^im 

I -?-tL-rtL0.01~5.0%OSn, Mn, Fe> Co. AU Si, Nb. Hf, Ta, Mo 

ffifE# 2004-3017010 
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*3#: -£-*vF*U).01-3.0%OZik Ni. Te. SeiSitFSr 

iSiU^Bi. -e*L-rft0.01%m_t<7>Sn> Mn> Fe> Co. Al. Si. Nb. Hf. Ta. Mo. 

V. W. In. Ge. Zn. Ni. Te. Se^itFSr^tL^^^ttTV^ i; £ K&UZti&o 

-^r$-££*§£-^t±. Pn B> SbJ3 £U*Bi(i0.001~0.5%. Sn. Mn. Fe. Co. Al. Si. Nb 
. Hf. Ta. Mo. V. W. In*3 J: tfGeti 0.01-5.0%. Zn. Ni. Te. Seisit^Sr 140.01-3 

[0 0 3 5] 

TfcfEHrtteWI8l**!ftR#**o a*Lv>|6fflti^ 0.0l~2.o%-e&& 0 
[0 0 3 6] 

*f&93<0Cu£-&tt, CuO-SU^xT. Mg. Li. Cai3 «fc y f *±«7C3R© 1 aJeLLfc^W" 
-C0. 001-2. 0%'S-trO* c a[* Lv^o 
[0 0 3 7] 

L. L^kafm^&l&TS-fr. ftifinXtt*^k$**^0|W«3&«*4o Mg. Li 

[0 0 3 8] 

JiLLO & OQltifl 7t *) <D IHic^ffClOOli/mm 2 JSITT* * £ 0 
[0 0 3 9] 

#3&9§©Cu£-&-e»±, Cu4Ti . Cu 9 Zr 2 . ZrCr 2 . ^MCr. &«Zr$fctt&KAgO«fc*fflfc: 

L^L. Cu 4 Ti . Cu 9 Zr 2 . ZrCr 2 > ^Cr. £JRZi\ ^JRAg. Cr-THk^i&K Ti-Zrfk#* 
£jtt±Zr-Crffc^O&@*n0/i m£lLti:Jffl*fc#ftti"** fc* Itt^fiTLtWxtfn^ 

Crfk^W£$1-£ -f-o^oijnxxet?ffl*t^tt76*^c^»i-< £fc> n#&*0s 

SX@T^&7& ? iijjnL1-§'&£>"t\ Cu4Ti . Cu9Zr 2 . ZrCr 2 . ^«Cr. ^«Zr4fet±^*A 
gOffcWWai * U Cu^O^^Mk^-e £ O J: d 4WIIi, 10^ 

±<0*ftIi!fei3«};y f ^»^^:*^mOTa^7t J) lOOWmm 2 «rjB*.T#*E'fS»'6-K:« 

[0 0 4 0] 

dco/c*. ^^-eti. ^^tw^i-^^fm^^i^^od^^T&no/i mtii 

O ^^mi^: •) <^§£^fm00l@/mm 2 ^T-e*)^ CI fc =Sr^5?# t ttSg 
Lfco M£ LvMH8tl±* 50Wmm 2 aTt** <? . ICS* lv»Ott, 1010/mm 2 ' 

[0 0 4 1] 

(C)g B B H tti:ov^ 

tBIE#2 004-3017010 
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li L^o 
[0 0 4 2] 

*§&W<OCu&&K&^Xte, Cu 4 Ti . CugZr 2 > ZrCr 2 . ^«Cr, #^Zr£ fcfi&^AgO 
^WffifcWSCr-Tift£-*K Ti-ZHk-fr*, Zr^rft^^O^£«&#*JtO*§fflifc& 

[0 0 4 3] 

-££-C. ^l&WoCu^Oti&^ftfcisv^li, ±fBOffc^^*^r**Cu'fr&**» 
L, #H£L-C#£i»>t£. 4>4< t^>»itii:^O^SJS^?>450 < C^-COzajKlt^^v^ 
t, 0.5t;/sm±o?N?&JgtN$;£p-t-££ ^cWStHJi^i^ 

^;K#55n0^m^±O^C0<7)#MaS^0^1@^^^th^l001@/mm 2 ^Tfcf 
CI <h <h L >fco 

dO^^Kti, 450 < CmTOS*i^T^nX> *fcl±^ £ OinXO?£l::280~550 , COi&jg 

^•eio^~72i^ra^t--2)^atc#-t-^i^^sit lv> 0 450t:&Tofi&*ft-co;bqx 

i3 < t^28O~55Oro^itT^O^~720#^^#i-^^S : lr^IiI J ff9 Ct^SClf L 
[0 0 4 4] 

(A) 4>& < ^>i , f^tit:^o^Jt^^'b450 , C^T-oia«^n^tt^5t±P3SJ9P : 0.5*0/ 

Cr-THt^-tK Ti-ZHb-^%. Zr-Crffc^%^04H£^K Cu 4 Ti . Cu 9 Zr 2 > ZrCr 2 , ^JRCr 
, ^JRZrt 7tti^Ag{i280 < CmjLOiajSlt-e^i-^o »3iIl:?£0»mSJg^<b4 
50X:^T'OaKJt^^tt^^3mffi7& ? SV^ > Ti-Zrffc^^k Zr-Crffc£-% 

^O^fc»W:K£J&U *O*fc«j&*10,umJEU:. HK&igcW// mKjg-tS i btf$>%> 
o tfc, CwTi , Cu 9 Zr 2 . ZrCr 2 , &MZr, &JgZrf fctiftJRAgfe 10^ mJaJifcltt^ffc-r 
So £OJ: 9 i&ft^if ffi|ji3 i Lfctltli, -?-o^oSnx^Flc«iJ^ 

VxtliF&£.1rZ>J&1tliP$>Zf*lfX~%:<, B#$jXi@l?OCu4Ti . Cu<>Zr 2 , ZrCr 2 . £«Cr. 
^JRZr*fct±^JRAgO*fiW8Mkftffl*«!i45b^ ^fc^SHMfc-Ci * < tot, 

0°C/s&-hT-&3 o 
[0 0 4 5] 

(B) <£±pt&oijnxis^ : 450'CJJiToffljs* 
*H93oCu^o»3S^fetc^v>rJ4. »3tLT#fc»>ir(i, 9f3feo*#"C?frfll$*Lfe 

[0 0 4 6] 

JEM. m?It^O*nX{±. 450 o CmT"C^>^(fJ:^ o fllxJf, at*8tfc& «r#fl§ 

Kt±> jiHfto>^aijfle"Cittt,oj , jnx*ffoTt «tv>o 450 , c*eA*afl t :*ft-c*nx4' 

jfjnXltlCCmTi , Cu 9 Zr 2 , ZrCr 2 , ifeJRCr, &mZrt fcti&JRAg^ffl^fcflftti L 
, «*l-M n a pOM14. Bt«r^14, ^##14£{&T£-££o #»XB#K±feo^ffi^*I 
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Atomic Percent Chromium 




Ti Weight Percent Chromium Cr 
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[03] 



Assessed Zr-Cr phase diagram. Sol Id line Is evaluated. Dashed line Is probable. Dotted line Is uncertain. 
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Assessed Tl-Zr phase diagram. 
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